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Pediatric intensive care is now a subspecialty of pediatric medicine. Different path-
ologic and physiologic processes occur in pediatric patients who require intensive 
care. Thus, the faculty and staffing requirement differ in many aspects from those 
of adult intensive care units (ICUs).
In Taiwan, pediatric intensive care is relatively less developed than adult care. 
However, thanks to the implementation of national health insurance and increasing 
emphasis of children’s health, the scope and quality of pediatric intensive care has 
widened and rapidly improved. Research has shown that full time in-ICU staffing and 
patient care will result in improved outcomes for critically ill pediatric patients.
In this article, we review the literature and recent advances in pediatric intensive 
care; we also outline the challenges arising. Special emphasis was made to the clinical 
context of Taiwan.
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Background
Every year, thousands of infants, children and ado-
lescents in Taiwan experience critically ill condi-
tions and are sent to pediatric intensive care units 
(PICUs). The implement of national health insurance 
since 1994 has dramatically decreased the financial 
burden on families, and encouraged them to bring 
their critically ill children to PICUs. Prior to national 
health insurance, these children would probably 
not have been treated.
In pediatrics, PICUs care for children with diverse 
diseases, necessitating personnel with multidisci-
plinary skills and knowledge. Particularly in tertiary-
referred centers, a full spectrum of resources are 
needed to meet the diverse patient needs. To ac-
complish this, PICU staff (including intensivists and 
nurses) must be experienced and well trained. They 
must also learn how to collaborate with other med-
ical and surgical specialists.
Critical care in children is relatively less devel-
oped than adult care. The specialty of pediatric 
intensive care was recognized only around three 
decades ago. Five crucial fields of medicine in the 
1950s led to the emergence of pediatric critical 
care: adult respiratory intensive care, neonatology 
and neonatal intensive care, pediatric general sur-
gery, pediatric cardiac surgery, and pediatric an-
esthesiology.1 The first PICU was established by Goran 
Haglund in Sweden (1955). It consisted of seven acute 
care beds (a pediatric emergency ward) providing 
intensive care service to polio patients, newborns with 
respiratory distress syndrome (RDS), postoperative 
children, and cases of severe pneumonia. Since then, 
the number of PICUs has increased rapidly through-
out the world. In the United States there were 276 
PICUs in 1989—this increased to 349 in 2001. In the 
1980s, about half of PICUs had less than eight beds; 
the number of PICU beds has grown faster than the 
numbers of PICUs (24% vs. 14% between 1995 and 
2001). Meanwhile, the occupancy rate has increased, 
as has the percentage intubated and mortality rate.2,3
The subspecialty of pediatric critical care soon 
followed the establishment of PICUs. The Society 
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of Critical Care Medicine (in the United States) 
created a pediatric critical care section in 1981.1 
In 1983, guidelines defining the minimal require-
ments for PICUs were introduced.4 In 1985, the 
American Board of Pediatrics recognized the sub-
specialty of pediatric critical care medicine and set 
criteria for subspecialty certification. In 2004, the 
American Academy of Pediatrics updated the guide-
lines and amount of PICUs.5
In Taiwan, pediatric intensive care is early in its 
development. The Committee of Pediatric Critical 
Care Medicine (part of the Taiwan Pediatric Asso-
ciation) was founded in 1999 with the following 
goals: enhancing patient care, conducting research, 
organizing annual meetings, and arranging sub-board 
examinations and the communication of pediatric 
intensive care. The committee organizes the yearly 
accreditations, training programs, and regulations 
regarding pediatric critical care in this country.
Nature of Pediatric Intensive Care
Compared with in-hospital general care, pediatric 
intensive care is a low volume, high-cost specialty 
that depends on the training and skill of medical/
nursing staff and the availability of specialist equip-
ment. Critically ill children experience a highly 
varied range of illnesses and continually changing 
pathophysiology—from premature babies to ado-
lescents. Care is therefore different from that of 
critically ill adults. Several studies support the view 
that the most important element of pediatric in-
tensive care service is the skills and experience of 
the medical and nursing staff—these suggest that 
the services should be centralized.6,7
In general, PICUs deliver intensive care to chil-
dren before adolescence. Intensive care of new-
born and premature babies is usually conducted by 
neonatologists in the neonatal ICU. However, there 
are commonalities in the care given to critically ill 
newborns and other age groups. As outlined above, 
the patient characteristics and delivery of pediatric 
intensive care varies significantly in different med-
ical centers. For example, post-operative intensive 
care of pediatric patients after open-heart surgery 
may represent the majority of inpatients in some 
Taiwanese PICUs. In other medical centers, the 
majority of admissions to PICU may be neurologic 
disorders, respiratory diseases, trauma, or even un-
planned emergences (in both the day and night).
Despite a high coverage of scheduled vaccination, 
some infectious diseases with seasonal preference 
can cause many admissions to PICUs. There is a 
relatively high incidence of life-threatening pneu-
monia in the winter months. The risk is especially 
high for children with a background of bronchopul-
monary dysplasia, prematurity, immunodeficiency, 
or congenital heart diseases.
Enterovirus 71 caused a large outbreak in Taiwan 
in 1998 with 78 deaths; smaller outbreaks occurred 
in 2000, 2001, 2005, and 2008. The outbreak was 
recognized because of the large number of hand, 
foot, and mouth disease cases and the rapid death 
of children with the disease. Epidemiologic surveil-
lance indicated the preference of occurrence in the 
summer months (Figure).8 Recognition of clinical 
stages of the disease process in children and tailored 
treatment based on different stages dramatically 
decreased the mortality and morbidity of this dis-
ease. Most pediatricians in Taiwan can now rapidly 
recognize this disease and tell the parents when to 
bring their children to hospital.
The guidelines for intensive care now been ful-
filled in many of Taiwan’s PICUs.
The accumulated experience has facilitated the 
establishment of standards in pediatric intensive 
care in Taiwan.
Major Advances
Currently, the intensive care of pediatric patients is 
multidisciplinary in approach, designed to treat the 
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Figure Monthly occurrence of critical enterovirus 71 infection in Taiwan, 2005−8.
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patient, and not the organ. Critically ill children 
may suffer from multisystemic disorder. Thus, the 
presence of pediatric intensivists, along with full 
range of pediatric subspecialties, is mandatory to 
run a PICU. Successful monitoring and support of 
vital organ function is key in stabilizing patients.
Respiratory Support
In children, respiratory problems are common. The 
vast majority of pediatric cardiopulmonary arrests 
are of respiratory origin. Endotracheal intubation 
with mechanical ventilation is practiced every day 
in most PICUs. Approximately 17% of children ad-
mitted to PICUs require mechanical ventilation for 
at least 24 hours.9 However, there is still little ob-
jective evidence to guide the practice of mechanical 
ventilation in PICUs—regarding the optimal timing 
of intubation, ventilator strategies, and weaning.10 
The development of innovations in pediatric venti-
lator support will be aided by an improved under-
standing of anatomy, physiology, and pathology of 
immature lungs in children, as well as the patho-
physiological mechanisms of diseases. Current pop-
ular ventilation strategies include lung-protective, 
low tidal volume and pressure-limited approaches; 
these strategies are extrapolated from adult 
data. In patients with acute lung injury and acute 
respiratory distress syndrome, mechanical ventila-
tion with a lower tidal volume (than traditionally 
used) results in decreased mortality and an in-
creased number of days without ventilator use.11 
Judicious use of positive end-expiratory pressure 
(PEEP) for more alveolar recruitment is also a com-
mon treatment for managing respiratory failure in 
children.12
Modern ventilators used in PICUs can be adjusted 
to virtually synchronize the changes that take place 
during recovery, such as respiratory rate, and breath 
size (tidal volume). PEEP can be used to prevent 
the alveoli collapsing. In addition, ventilators can 
be used to do what the patient cannot, such as 
changing to different FiO2 and peak pressure levels. 
More pressure can be applied to open any collapsed 
areas or lobes. In addition, lung-protective venti-
lation can also be applied. Although we largely 
extrapolated the results of clinical trials and algo-
rithms from adults, lung-protective ventilation has 
been widely practiced for two decades, such as 
continuous positive airway pressure, and high fre-
quency oscillatory ventilation.
Circulatory Support
Besides pharmacological support, artificial circula-
tory support (cardiopulmonary bypass) was first 
introduced in the 1950s. At first, this technology 
was not used outside the operating room. In 1976, 
Bartlett et al reported the first use of extracorporeal 
membrane life support, or extracorporeal mem-
brane oxygenation (ECMO), in infants with postop-
erative cardiac failure, infant respiratory distress 
syndrome, massive meconium aspiration, and per-
sistent fetal circulation.13 This technique is cur-
rently widely used in PICUs for a variety of pediatric 
patients when conventional measures are not able 
to sustain baseline cardiopulmonary function. 
These patients include those with RDS, meconium 
aspiration, severe pneumonia, sepsis, cardiac fail-
ure due to myocarditis, cardiomyopathy, or pa-
tients recovering from congenital heart surgery. In 
some patients, ECMO was used as a bridge to heart 
transplantation. Furthermore, this technique has 
been used for children under resuscitation due to 
cardiopulmonary arrest in some medical center 
centers.14−16 A team consisting of pediatric cardiac 
surgeons, pediatric cardiologist, well-trained nurses 
and technicians is necessary for optimal patient 
outcome. In addition, selection of the patients, 
timely setup of bypass circuits, and early weaning 
are all crucial elements of a high success rate. 
With various cases, the overall the survival rate 
has exceeded 50%, as in adults. In the limited ex-
perience of our institute, children suffering from 
acute or fulminate carditis have the best outcome. 
Almost all of these patients recovered to normal 
cardiac function with minimal complication. The 
same outcome was achieved with patients with 
enterovirus 71 infection and cardiac dysfunction 
in a recent outbreak in 2008. Children with sepsis, 
multi-organ failure, and severe pneumonia are less 
responsive.17
Other applications of ECMO include use as a 
bridge to cardiac transplantation in patients with ir-
reversible cardiac dysfunction (such as dilated car-
diomyopathy), and the ECMO in cardiopulmonary 
resuscitation (E-CPR). The use of ECMO for children 
under cardiopulmonary arrest has failed to restore 
adequate circulation after conventional CPR meas-
ures. E-CPR has been increasing used recently with 
promising results and increased survival compared 
with conventional CPR. 18 In a recent report by Chan 
et al, the use of ECMO as an adjunct to cardiopul-
monary resuscitation resulted in hospital survival of 
42% of infants and children with heart disease.19
Postoperative Care of Pediatric Congenital 
Heart Disease
The first open heart surgery was conducted in an 
adult by John Gibbon in 1953. However, open-heart 
surgery in infants and children was not deemed 
applicable until the 1970s when cardiopulmonary 
bypass was conducted. Various procedures and 
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techniques, both palliative and curative, have 
since been invented. These procedures and tech-
niques, along with the introduction of cardiopul-
monary bypass, have revolutionized treatment of 
congenital heart diseases and stimulated the de-
velopment and progress of postoperative intensive 
care for pediatric cardiac patients. Some PICUs 
contain adjacent pediatric cardiac ICUs.
A team consisting of cardiac surgeons, pediatric 
cardiologists, pediatric intensivists, pediatric car-
diac intensive care nurses, respiratory therapists, 
pharmacologists, nutritionists, social workers, and 
others, is needed for the care of critically ill 
pediatric patients. Meetings or group discussions are 
held regularly. Post-cardiac surgery children are not 
a large or homogenous population. Thus, randomized 
control trials, assessing postoperative intensive care, 
are not appropriate. Cases with the same surgical 
condition and procedure may vary to a great ex-
tent regarding the perioperative diagnosis proce-
dure and post-operative condition. For example, 
associated congenital non-cardiac anomalies may 
complicate postoperative care, prolong time to re-
covery, or even incur more morbidity. To work in 
this special unit, besides providing advance airway 
and vascular access, the pediatric intensivists must 
understand normal/abnormal cardiopulmonary and 
other vital organ physiology, must apply appropri-
ate monitoring, and must supervise hour-to-hour 
circulatory life support .20
Sedation and pain management
Adequate sedation and analgesia are of vital im-
portance for optimal PICU care. They are often re-
quired when children undergo mechanical ventilation, 
intubation, various catheter or tube placements, 
invasive diagnostic, therapeutic procedures, or 
on-site surgeries.
Children are not small adults; for children, the 
experience of PICUs is more frightening. In addition 
to enabling tolerance of the setting, both physical 
and psychological tools can be used—including ad-
equate use of sedatives and analgesics—to reduce 
unnecessary oxygen consumption and catabolic 
state.
In the early era of PICU development, even with 
a range of available sedatives and analgesics, only 
one-third of children were inadequately sedated.21 
The most probable cause of this was the limited 
experience and fear/uncertainty surrounding the 
use and choice of analgesics and sedatives. A myriad 
of physical and psychological reasons all contrib-
uted to this situation: the myth that children do 
not feel pain/anxiety like adults, concern of cardio-
respiratory depression, the fear of drug addiction, 
and inability to titrate the children’s response. 
Fortunately, pediatric intensivists are now well 
trained, skilled, and experienced enough to effec-
tively utilize the tools available, even without the 
presence of a pediatric anesthesiologist. In our PICU, 
parents are now given unlimited access to their 
children and encouraged to participate in their 
care—even in painful or frightening procedures.
Challenges
National health insurance in Taiwan has lead to 
a leap in children’s healthcare. It has virtually 
eliminated the barrier of access to healthcare for 
the poor. Many severely ill children survive after a 
period of intensive care with a normal quality of 
life.22 However, some remain disabled, fragile and 
unstable, vulnerable to unexpected life threaten-
ing infections or acute change in condition, and 
demand a higher level of care. These patients are 
distributed national-wide. Some are still in PICUs, 
causing a substantial impact to both healthcare 
staffing and costs. Some are in or moving between 
district hospitals. Some are cared at home by par-
ents or hired caregivers. Exacerbations of their 
chronic conditions may be left unattended. 
Stepwise and integrated healthcare provisions for 
these children is yet to be accomplished.
On the other hand, there is a group of children 
requiring long-stay in PICUs. These patients repre-
sent a unique group in that they consume a dispro-
portionate amount of healthcare resources and have 
higher mortality rates than short-stay patients.23 
Unfortunately, this has long become the target for 
cost containment strategies of the insurance payer, 
neglecting the nature of the patients’ illness. Hos-
pitals budgets may be reduced in response to these 
patients, especially tertiary centers with a dispro-
portionately high numbers of these patients.
An important issue in pediatric intensive care is 
how to minimize inappropriate procedures or man-
agement, and preventable events. This remains a 
challenge even in advanced PICUs with experienced 
staff. Hospital-acquired infections, ventilator-
associated pneumonia, unrecognized or unpredicted 
CPRs occur on a sporadic basis in all PICUs.24 All 
these events can lead to increases in morbidity, 
prolonged hospital stay, or even legal issues. In 
order to optimize safety within PICUs, it is crucial 
to continuously monitor the occurrence of both 
adverse/critical incidences and complications. The 
spectrum of adverse/critical incidents is broader 
than that of complications, as an adverse/critical 
incident may not have adverse results or complica-
tions for children. For healthcare providers in PICUs, 
it is their responsibility to weigh the benefits and risk 
of invasive diagnostic and therapeutic procedures. 
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The risk may be reduced by the use of safe and 
simple procedures for appropriate periods, paying 
particular attention to drug prescription patterns, 
and careful selection of appropriate aims and modes 
of therapy, including non-invasive methods.25,26
Optimal staffing in most PICUs in Taiwan is yet to 
be achieved. Ideally, 24-hour in-ICU staffing should 
be provided by intensivists who are dedicated 
solely to the care of ICU patients and do not have 
conflicting responsibilities, as suggested in the 
guidelines by Marilyn et al.27
Evidence has shown that in-ICU physician staffing 
is an important determinant of outcome following 
ICU admission. Having 24-hour in-house attending 
physicians, i.e. intensivists, is associated with im-
proved patient care and outcomes.28 The extended 
duration of most ICU staffing requirements raises 
concerns about workload-associated fatigue and 
medical malpractice. At present, in-ICU senior phy-
sicians are employed during the day in many coun-
tries. However, in a survey conducted in Canada, 
the majority of in-ICU physicians had < 3 months 
of ICU experience, and many had additional re-
sponsibilities outside the ICU when on call, includ-
ing consultations for ward patients, routine care of 
ward patients, and management of cardiopulmo-
nary arrest outside the ICU.29 Furthermore, in-house 
physicians from pediatric units were more often 
involved in the care of patients outside of the ICU, 
compared with adult units.
In the national survey conducted in 2004, in the 
United States, pediatric intensivists were available 
to provide health care in more than 90% of PICUs. 
30 There was a significant increase since the first 
survey in 1989, when pediatric intensivists prac-
ticed in about 70% of PICUs.31 Studies in both the 
adult and pediatric literature have indicated that 
staffing ICUs with intensivists may improve outcomes 
and decrease resource use by reducing inappropri-
ate admissions, preventing complications of care, 
and ensuring prompt discharge.32,33
Conclusion
Implementation of national health insurance has 
provided unlimited access for critically ill children 
to intensive care facilities. Early recognition of the 
need for pediatric intensive care and establish-
ment of the subspecialty will facilitate the devel-
opment of guidelines and standards, as seen in the 
United States and Europe. In Taiwan, these guide-
lines and standards will be unique due to our expe-
rience in treating the critically ill children with 
enterovirus 71 infection, as described above.
In Taiwan, the next important step in pediatric 
critical care will be the continuity of care. With only 
thousands of admission per year, the volume of all 
pediatric patients undergoing intensive care is low 
compared with the adult population. However, the 
resource utilization (both length of stay in PICU 
and hospital cost) is usually greater than adults 
with the same illness. Special attention should be 
paid to achieve better outcomes and avoid chronic 
disability. Critical illnesses impose a substantial 
burden on the child and family. In PICUs, a team 
consisting of intensivists, nurses, pharmacists, and 
social workers should be available to aid and serve 
as a bridge for further healthcare planning. After 
children with a chronic disability or the need for 
long-term ventilation leave the PICU or hospital, 
the continuity of care, may be interrupted. Usually, 
families at lower socio-economic levels are unable 
to afford the care of these children. We should es-
tablish a well-designed, medical/long term care 
coverage system to solve this problem.
References
1. Downes JJ. The historical evolution, current status, and 
prospective development of pediatric critical care. Crit 
Care Clin 1992;8:1−22.
2. Gullberg N, Kalzen H, Luhr O, Gothberg S, Winso O, 
Markstrom A. Immediate and 5-year cumulative outcome 
after paediatric intensive care in Sweden. Acta Anaesthesiol 
Scand 2008;52:1086−95.
3. Randolph AG, Gonzales CA, Cortellini L, Yeh TS. Growth of 
pediatric intensive care units in the United States from 
1995 to 2001. J Pediatr 2004;144:792−8.
4. American Academy of Pediatrics, Committee on Hospital 
Care; and Society of Critical Care Medicine, Pediatric Section: 
Guidelines for pediatric intensive care units. Pediatrics 
1983;72:364−72.
5. Rosenberg DI, Moss MM. Guidelines and levels of care for 
pediatric intensive care units. Pediatrics 2004;114:1114−25.
6. Pearson G, Shann F, Barry P, et al. Should paediatric inten-
sive care be centralised? Trent versus Victoria. The Lancet 
1997;349:1213−7.
7. Pollack MM, Alexander SR, Clarke N, Ruttimann UE, 
Tesselaar HM, Bachulis AC. Improved outcomes from tertiary 
center pediatric intensive care: a statewide comparison of 
tertiary and nontertiary care facilities. Crit Care Med 1991;
19:150−9.
8. Notifiable Infectious Diseases Statistics System. Centers for 
Disease Control, Taiwan. Available at: http://nidss.cdc.org.tw. 
[Date accessed: May 20, 2009]
9. Randolph AG, Meert KL, O’Neil ME, et al. The feasibility of 
conducting clinical trials in infants and children with acute 
respiratory failure. Am J Respir Crit Care Med 2003;167:
1334−40.
10. Turner DA, Arnold JH. Insights in pediatric ventilation: tim-
ing of intubation, ventilatory strategies, and weaning. Curr 
Opin Crit Care 2007;13:57−63.
11. The Acute Respiratory Distress Syndrome Network. Ventila-
tion with Lower Tidal Volumes as Compared with Traditional 
Tidal Volumes for Acute Lung Injury and the Acute Respiratory 
Distress Syndrome. N Engl J Med 2000;342:1301−8.
12. Mehta NM, Arnold JH. Mechanical ventilation in children 
with acute respiratory failure. Curr Opin Crit Care 2004;10:
7−12.
Pediatric critical care—A new frontier 189
13. Bartlett RH, Gazzaniga AB, Jefferies MR, Huxtable RF, 
Haiduc NJ, Fong SW. Extracorporeal membrane oxygenation 
 (ECMO) cardiopulmonary support in infancy. Trans Am Soc 
Artif Intern Organs 1976;22:80−93.
14. Huang SC, Wu ET, Chen YS, et al. Extracorporeal membrane 
oxygenation rescue for cardiopulmonary resuscitation in 
pediatric patients. Crit Care Med 2008;36:1607−13.
15. Alsoufi B, Al-Radi OO, Nazer RI, et al. Survival outcomes 
after rescue extracorporeal cardiopulmonary resuscitation in 
pediatric patients with refractory cardiac arrest. J Thorac 
Cardiovasc Surg 2007;134:952−9.
16. Morris MC, Wernovsky G, Nadkarni VM. Survival outcomes 
after extracorporeal cardiopulmonary resuscitation insti-
tuted during active chest compressions following refrac-
tory in-hospital pediatric cardiac arrest. Pediatr Crit Care 
Med 2004;5:440−6.
17. Bartlett RH, Roloff DW, Custer JR, Younger JG, Hirschl RB. 
Extracorporeal life support: the University of Michigan 
experience. JAMA 2000;283:904−8.
18. Thiagarajan RR, Laussen PC, Rycus PT, Bartlett RH, Bratton SL. 
Extracorporeal Membrane Oxygenation to Aid Cardio-
pulmonary Resuscitation in Infants and Children. Circulation 
2007;116:1693−1700.
19. Chan T, Thiagarajan RR, Frank D, Bratton SL. Survival after 
extracorporeal cardiopulmonary resuscitation in infants and 
children with heart disease. J Thorac Cardiovasc Surg 
2008;136:984−92.
20. Chang AC. Pediatric cardiac intensive care: current state 
of the art and beyond the millennium. Curr Opin Pediatr 
2000;12:238−46.
21. Marx CM, Rosenberg DI, Ambuel B, Hamlett KW, Blumer JL. 
Pediatric intensive care sedation: survey of fellowship 
training programs. Pediatrics 1993;91:369−78.
22. Conlon NP, Breatnach C, O’Hare BP, Mannion DW, Lyons BJ. 
Health-related quality of life after prolonged pediatric inten-
sive care unit stay. Pediatr Crit Care Med 2009;10:41−4.
23. Marcin JP, Slonim AD, Pollack MM, Ruttimann UE. Long-stay 
patients in the pediatric intensive care unit. Crit Care Med 
2001;29:652−7.
24. Stambouly JJ, McLaughlin LL, Mandel FS, Boxer RA. 
Complications of care in a pediatric intensive care unit: 
a prospective study. Intensive Care Med 1996;22:
1098−104.
25. Frey B, Argent A. Safe paediatric intensive care. Part 2: 
workplace organisation, critical incident monitoring and 
guidelines. Intensive Care Med 2004;30:1292−7.
26. Frey B, Argent A. Safe paediatric intensive care. Part 1: 
Does more medical care lead to improved outcome? 
Intensive Care Med 2004;30:1041−6.
27. Haupt MT, Bekes CE, Brilli RJ, et al. Guidelines on critical 
care services and personnel: Recommendations based on 
a system of categorization of three levels of care. Crit Care 
Med 2003;31:2677−83.
28. Tenner PA, Dibrell H, Taylor RP. Improved survival with hos-
pitalists in a pediatric intensive care unit. Crit Care Med 
2003;31:847−52.
29. Parshuram CS, Kirpalani H, Mehta S, Granton J, Cook D. 
In-house, overnight physician staffing: a cross-sectional 
survey of Canadian adult and pediatric intensive care units. 
Crit Care Med 2006;34:1674−8.
30. Odetola FO, Clark SJ, Freed GL, Bratton SL, Davis MM. 
A National Survey of Pediatric Critical Care Resources in 
the United States. Pediatrics 2005;115:382−6.
31. Pollack MM, Cuerdon TC, Getson PR. Pediatric intensive 
care units: results of a national survey. Crit Care Med 1993;
21:607−14.
32. Vincent JL. Need for intensivists in intensive-care units. 
Lancet 2000;356:695−6.
33. Pronovost PJ, Angus DC, Dorman T, Robinson KA, Dremsizov TT, 
Young TL. Physician Staffing Patterns and Clinical Outcomes 
in Critically Ill Patients: A systematic review. JAMA 2002;
288:2151−62.
